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TECHNICAL MEMORANDUM X-820

INVESTIGATION OF THE AERODYNAMIC CHARACTERISTICS

OF A O.02-SCALE MODEL OF THE X-15 AIRPLANE

AT MACH N-UMBERS OF 2.96, 3.96, AND 4.65

AT HIGH ANGLES OF ATTACK*

By Royce L. McKinney and Julia A. Lancaster

SUMMARY

An investigation has been made in the Langley Unitary Plan wind tunnel to

determine the longitudinal and lateral aerodynamic characteristics of a 0.02-

scale model of the X-15 airplane at angles of attack from -5 ° to 45 ° . The inves-

tigation was made at Mach numbers of 2.96, 3.96, and 4.65 at Reynolds numbers,

based on the wing mean geometric chord, of 0.55 × 106 , 0.60 × 106, and 0.84 × 106 ,

respectively. Results are presented and summarized with only a limited analysis.

INTR ODUC TI ON _.___ _/_._ _"

Th6 scheduled flight program of the X-15 research aircraft includes high-

speed flights at approximately constant altitude and also flights along ballistic

trajectories to high altitudes. In order to avoid the high dynamic pressures and

associated high aerodynamic heating rates, it was contemplated that the high-speed

flights and recovery from ballistic trajectories would be made at extremely high

altitudes. The lift coefficients and lift-drag ratios necessary for the lower

altitude maneuvers are obtainable at angles of attack less than 25 °, and the aero-

dynamic characteristics of the X-15 at angles of attack below 25 ° are presented

in reference I. The purpose of the present investigation was to determine the

aerodynamic characteristics of the X-15 at angles of attack beyond 25° with par-

ticular emphasis on the lateral and directional stability derivatives and the

maximum trimmed angles of attack. The range of this investigation was extended

below an angle of attack of 25 ° in order to provide a comparison with previous

results. The present configuration is identical to that of reference i with the

exception of the addition of retracted landing skids on the bottom of the side

fairings between the horizontal stabilizers and the fuselage. The data are pre-

sentedwith only a limited analysis inasmuch as the data contained in this report

have been used in analyses such as the one presented in reference 2.

*Title, Unclassified.
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The longitudinal stability characteristics of the model are referred to the

stability system of axes, and the lateral stability characteristics are referred

to the body system of axes. The systems of axes used and the positive directions

of the forces, moments, and angles are shown in figure 1. The forces and moments

are presented about a point located on the plane of symmetry at 0.20 mean geomet-

ric chord. The symbols used are defined as follows:

b

CL

%

Cmo

CZ

Cn

Cy

CZ_

Cn_

Cy_

M

q

S

8V

drag coefficient,

lift coefficient,

span

mean geometric chord

Drag/qS

Lift/qS

pitching-moment coefficient, Pitching moment/qS_

zero-lift pitching-moment coefficient

rolling-moment coefficient,

yawing-moment coefficient,

Rolling moment/qSb

Yawing moment/qSb

side-force coefficient, Side force/qS

effective dihedral parameter, 8Cz/88

directional stability parameter, 8Cn/SG

side-force parameter, 8Cy/88

free-streamMach number

free-stream dynamic pressure

wing area

angle of attack referred to fuselage reference line, deg

angle of sideslip referred to model plane of symmetry, deg

deflection of movable portions of vertical stabilizer

2
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deflection of m_fVa_ _pp_m'v_r_ic_l:_,a_izer, positive

with trailing edge left, deg

deflection of movable jettisonable portion of lower vertical stabilizer,

positive with trailing edge left, deg

deflection of horizontal stabilizers

deflection of left and right horizontal stabilizers, respectively,

positive with trailing edge down, deg

deflection of speed brakes

5SU

5SB

%

deflection of both upper speed brakes, positive with trailing edge out-

board, deg

deflection of both lower speed brakes, positive with trailing edge out-

board, deg

deflection of speed brakes on right sideof upper and lower vertical

stabilizers, left speed brakes closed, positive with trailing edge

right, deg

Configuration component designations:

W

F

H

V

J

wing

fuselage

horizontal stabilizers

vertical stabilizers without jettisonable portion

Jettisonable portion of lower vertical stabilizer

APPARATUS ANDMODEL

Tunnel

The investigation was conducted in the high Mach number test section of the

Langley Unitary Plan wind tunnel, which is a variable-pressure continuous-flow

tunnel. The nozzle leading to the test section is of the asymmetric sliding-

block type which permits continuous variation of test-section Mach number from

2.30 to 4.69.

3
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Photographs of the model are presented in figure'2, model details and geom-

etry are presented in table I and figure 3. The model has a wing with a 25.64 °

sweepback of the quarter-chord line, an aspect ratio of 2.50 °, a taper ratio of

0.20 °, a dihedral of 0°, and a modified NACA 66-005 airfoil section. Roll and

pitch control are provided by differential and/or simultaneous deflection of the

all-moving horizontal stabilizers. Directional control is obtained from deflec-

tion of the movable portions of the upper and lower vertical stabilizers. The

horizontal stabilizer has a 45.00 ° sweepback of the quarter-chord line, an aspect

ratio of 2.834, a taper ratio of 0.2061, a dihedral of -15.000 °, and a modified

NACA 66-005 airfoil section. The upper portion of the vertical stabilizer shown

in figure 3(b) has a sweepback of 23.413 ° at the quarter-chord line, an aspect

ratio of 0.5158, a taper ratio of 0.741, and a i0 ° wedge airfoil section. The

lower portion of the vertical stabilizer, shown in figure 3(b), has a sweepback

of 23.413 ° at the quarter-chord line, an aspect ratio of 0.429, a taper ratio of

0.788, and a i0° wedge airfoil section.

The speed brakes are formed by wedges which simulate hinged panels of the

surface of the upper and lower vertical stabilizers. The speed brakes extend

vertically over the complete width of the fixed portions of the vertical stabi-

lizers and cover approximately one-third of the horizontal length forward from

the trailing edges. Wedges simulating the speed brakes open 25 ° and 35° were

used.

Forces and moments were measured by an internal, six-component, strain-gage

balance. This balance was supported by a sting attached to a special angle-of-

attack sector which provided an angle-of-attack range of -5 ° to 50°. This sector

was supported by the main support system which allowed sideslip concurrently with

variable angle of attack.

TESTS

Tests were made through an angle-of-attack range from approximately -5 ° to

45 ° at angles of sideslip of -5 ° and 0°. Sideslip tests were made at angles of

attack of about 21° to 38° through a sideslip range from approximately -10 ° to 4°.

Reynolds numbers, based on the mean geometric chord of the wing, were

0.55 x lO6, 0.60 × l06, and 0.84 × l06 at the test Mach numbers of 2.96, 3.96,

and 4.65, respectively. The dewpoint temperature, measured at stagnation pres-

sure, was maintained below -50 ° F in order to assure negligible condensation

effects.

CORRECTIONS AND ACCURACY

Angles of attack and sideslip have been corrected for the deflection of the

model support system caused by aerodynamic forces and moments. Angle of attack
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has also been corrected for the I±ow angu_arlsy wnlcn e i the vertical

. plane of the test section. This flow angularity was determined by testing the
model both upright and inverted.

Balance chamber pressure and base pressure were measured and the drag data

were corrected to correspond to a chamber and base pressure equal to free-stream

static pressure.

The maximum deviation of local Mach number from the value presented is about

±0.015.

Based on pretest calibration, balance accuracies, and repeatability, the

force and moment coefficients and angles are estimated to be within the following

limits:

cn .................................... ±0.03

C_ .................................... ±0°02

% ................................... ±0.02
CZ .................................... ±0.001

Cn .................................... ±0.005

Cy .................................... ±O.O1

_, deg .................................. ±0.i0

_, deg .................................. ±0.i0

PRESENTATION OF RESULTS

The results of the investigation are presented in the following figures:

Figure

Schlieren photographs ......................... 4

Longitudinal aerodynamic characteristics:

Effect of various model components ................. 5

Effect of pitch-control deflection ................ 6 to i0

Effect of various configurations .................. ii

Effect of speed-brake deflection .................. 12 to 16

Effect of directional-control deflection .............. 17,18

Effect of lateral-control deflection ................ 19

Summary of the maximum trimmed conditions and th_ zero-lift pitching-

moment coefficients for various configurations ........... 20

Lateral aerodynamic characteristics:

Effect of pitch-control deflection ................ 21 to 25

Effect of various configurations .................. 26,27

Effect of angle of attack and roll-control deflection ..... 28

Effect of angle of attack and directional control ......... 29

Summary of the lateral and directional stability characteristics for

the various configurations ...................... 30 to 54
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Longitudinal Characteristics

All the configurations tested indicated static longitudinal stability for

trimmed conditions over the entire Mach number range. However, most of the pitch

data at Mach numbers of 3.96 and 4.65 exhibit marked nonlinearities at low angles

of attack. (For example, see fig. 6(b).) This effect, as noted in reference 3,

is probably the result of wing-wake impingement on the horizontal stabilizers.

The basic configuration can be trimmed to a maximum angle of attack of about 33°

with a pltch-control deflection of -45 °. (See fig. 20.) Speed-brake deflection

causes a negative trim change and a reduction in the maximum attainable _trim"

(See fig. 15(c), for example.) Use of the horizontal tail for lateral control

also causes a longitudinal trim change (fig. 19), since only one surface was

deflected from the 35 ° pitch-control position with which the roll-control con-

figuration is compared.

Lateral and Directional Characteristics

Positive roll-control effectiveness is exhibited at all Mach numbers

throughout the angle-of-attack range with the exception that at _ = 0°, the

wing-wake impingement on the horizontal tall reduces roll-control effective-

ness to zero at the two higher test Mach numbers. (See fig. 28.) Favorable

yawing moment due to roll control is exhibited at all Mach numbers and angles

of attack. (See fig. 28.) Positive directional control is available through-

out the angle-of-attack and Mach number ranges either from deflection of both

the upper and lower vertical tails or from asymmetric deflection of the speed

brakes (fig. 29).

The data presented in figures 30 to 34 were calculated from tests made at

= 0° and _ = _5o. The configurations with the jettisonable portion of the

lower vertical tail removed indicate a generally progressive decrease in Cn_

with increasing angle of attack (fig. 32). With the addition of the lower por-

tion of the vertical tail, the directional stability is significantly increased,

particularly at the higher angles of attack. However, the addition of the lower

vertical tail also provides a large increment in C_ which generally changes

the effective dihedral from positive to negative. Deflection of the speed brakes

increases the effectiveness of the vertical tail and results in a substantial

increase in Cn6 except at the higher angles of attack (fig. 30).

Langley Research Center,

National Aeronautics and Space Administration,

Langley Station, Hampton, Va., March 19, 1963.
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TABLE I.- GEOMETRIC CHARACTERISTICS OF MODEL

Wing:

Area, total, sq in ........................................................... 11.520

Area, exposed, sq in .......................................................... 6.050

Span, in ................................................................ 5.366

Aspect ratio .............................................................. 2"500

Root chord, fuselage center line, in .................................................. 3.<78

Root chord, exposed_ in ........................................................ 2.64

Tip chord, in .... ......................................................... 0.716

Mean geometric chord, in ........................................................ 2.469

Sweepback angles, deg:

Leading edge ............................................................. _6.75

25- percent- chord line ........................................................ 25.6&

Trailing edge ............................................................ 17.74

Taper ratio .............................................................. 0.200

Dihedral angle, deg .............................................. ............. 0

Incidence angle, deg .......................................................... 0

Airfoil section, parallel to fuselage center line .................................... Modified NACA 66-005

Leading-edge radius, in. : 0.008
Tip .................................................................
Fuselage-line chord ......................................................... 0.014

Horizontal tail:

Area, exposed, sq in .......................................................... 2"878

Semispan (panel span), in ....................................................... 1"330

Aspect ratio of exposed area ...................................................... 1.229

Taper ratio of exposed area ...................................................... O. 528

Root chord, exposed, in ........................................................ 1.658

Tip chord, in ............................................................. 0.50{_

Mean geometric chord of exposed area, in ................................................ 1.18h

Sweepback angles, deg:

Leading edge ................. ............................................ 50. 58

25- percent- chord line ........................................................ 45'00

Trailing edge ............................................................ 19"28

Dihedral, deg ............................................................ -15"000

Airfoil section, parallel to fuselage center line .................................... Modified NACA 66-005

Leading-edge radius_ in. :

Tip ................................................................. 0.005

Fuselage-line chord ......................................................... 0.010

Upper vertical tail:

Area, exposed, sq in .......................................................... 2.556

Span, in ................................................................ i.i0

Aspect ratio of exposed area ...................................................... 0.51(_

Taper ratio of exposed area ...................................................... 0.7_

Root chord, fuselage surface line, in ................................................. 2-450

Tip chord, in ............................................................. 1.81

Mesh geometric chord of exposed area, in ......................... , ...................... 2.148

Sweepback angles, deg:

Leading edge ............................................................. 50.000

25-porcent- chord line ........................................................ 2_.41_

Trailing edge ............................................................ 0

Airfoil section, parallel to fuselage center llne ....................................... l0 ° full wedge

Leading-edge radius, in ........................................................ 0.010

Control surface:

Area, sq in ............................................................. 1"52]

Root chord, in ............................................................ 2.250

Mean geometric chord, in ....................................................... 2"039

Lower vertical tail:

Area, exposed, sq in .......................................................... 1.982

Sp_un, exposed, in. :

Maximum ............................................................... 0.920

Minim_ ............................................................... 0.880

Ave rage ............................................................... O. 900

Aspect ratio of exposed area ...................................................... 0.427

Taper ratio of exposed area ...................................................... 0.783

Root chord, in ............................................................. 2.450

Tip chord, in ............................................................. 1.919

Mean geometric chord of exposed area, in ................................................ 2.200

Sweepback angles, deg:

Leading edge ............................................................. _O. 000

25- percent- chord line ........................................................ 25.415

Trailing edge ............................................................ 0

Airfoil section, parallel to fuselage center llne ....................................... i0 o full wedge

Leading-edge radius, in .................... , ................................... O.O10

Control surface:

Area, sq in ............................................................ 1.149

Root chord, in ............................................................ 2.250

Mean geometric chord, in ....................................................... 2.095

Fuse lag_ :

Length, in ............................................................... 11.76

Maxim1_ diameter, in ........................................................ , • 1.12

Maximum width including side fairings, in ............................................... 1.76

Fineness ratio, ratio of length to body diameter ............................................ 10.50

Base diameter, in ........................................................... 0.960

8
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(b) Vertical- and horizontal-stabilizer deflections.

Figure 1.- Concluded.
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( a )  Rear view showing wedges used t o  simulate speed-brake d e f l e c t i o n s  

Figure 2.- Concluded. 
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(b) Details of vertical stabilizers and speed brakes.

Figure 3.- Concluded.
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a = 20° a = 28' 

( a )  M = 2.96. 

Figure 4.- Schl ieren photographs of complete model. 



a = 20' a = 28' 

(b) M = 3.96. 

Figure 4.- Continued. 
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a = 20 

(c) M = 4.65. 

Figure 4.- Concluded. 



.-: --: : "': :
• • Ibo • oo •

°go • • • • •ooo • • • oqe
,, :.: o.:.o, ,,: : :Oe

.4 .6 .8 1,0 1.2 1.4 1.6

CL

(a) M = 2.96.

Figure 5.- Effect of various configuration components on aerodynamic characteristics in pitch. _ = 0 °.
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Figure 9.- Continued.
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(a) M = 2.96.

Figure 6.- Effect of pitch-control deflections on aerodynamic characteristics in pitch. _ = 0°;

5VU = 8Vj = 0°; speed brakes retracted.
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(b) M = 3.96.

Figure 6.- Continued.
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(a) M = 2.96.

Figure 7.- Effect of pitch-control deflections on aerodynamic characteristics in pitch. _ = 0°;

5VU = 5Vj = 0°9 5Su = 5SB = 350; WFHVJ.
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(b) M = 9.96.

Figure 7.- Continued.
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Figure 7.- Continued.
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(c) Concluded.

Figure 7.- Concluded.
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Figure 8.- Effect of pltch-control deflections on aerodynamic characteristics in pitch.

= 0% 8Vu = 0°; Jettisonable portion of lower vertical stabilizer off; speed brakes

retracted; WFHV.
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(a) M = 2.96.

Figure 9.- Effect of pitch-control deflections on aerodynamic characteristics in pitch.

= 0°; 8Vu = 0°_ Jettisonable portion of lower vertical stabilizer off; aSu = 8SB = _5°;

WFHV.
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Figure 30.- Effect of speed-brake deflections on lateral and directional stability characteristics

= = 0o .of complete model. 5HL 5HR

177



C l

.002

- .002

bVu,bV J, bSu,bS B,

deg deg
0 0

0 35

0

-. 04

10 20 30

(z, deg

(b) M = 3.96.

Figure 30.- Continued.

50

.015

.010

.005

0

60

G n

178



.002

i='"!i!iil-"i_.......i!._..-.:-...'"
bVu,bV J , 5Su,SS B,

deg deg •
0 0

0 35

C L
0

.002

0

- .02

- .0¢

"'%o 0 lO 20 30

a, deg

(c) M = 4.65.

Figure 30.- Concluded.

¢0 50

.015

.010

C

.005

0

60

n

179



..: ..: : --....

::..:"i!':. :- : :..:::

.002

5VjCbSu! 5SB,

deg deg deg
0 0 0

0 35 35

Off 0 0

Of f 35 0

Off 35 35

- .002

.015

.010

C
n_

.005

Orlo= 0 i0 20 30 40 50 600

_, deg

(a) M = 2.96.

Figure 31.- Effect of various configuration changes on lateral and directional stability characteristics.

= = -20o; = 0 o.
5H L 5H R 5V U

180



.002

bVJ, bS U, bS B,
deg deg deg

0 0 0

..... 0 35 35
Off 0 0

Off 35 0

..... Of f 35 35

- .002

.015

.010

C
n_

.005

0

0

50 6O

181



@@@ @ @@@ • t@@ @ 6U
• Q

• 002
CL 0

-.002 __

°_
-.02 _

-.04- _

°-61o o

::i! .....: .;,..":.:
bVj, bS U, bS B,

deg deg deg

0 0 0

0 35 35

--- --Off 0 0

Off 35

Off 35

I i i I I I I I I I I 1 11 I I i'P¢_l EllNNN 

_ttHtltt

_'_tt'_tHttttti

__ttttttttttftt:

iO 20 30

a, deg

,m dl =e

0

35

___l?_b'?H4u__i_-i:_
-14H-Iti _llt-[ ....

.015

.010

.005

IllllIlo

IHTIIII

4-0 50 60

(c) M = 4.6_.

Figure 51.- Concluded.

C n

182



.002

0

,,"::":',,

:,- -,, ",, ,,, -,, ,,

bVu, bVj, bSu,

deg deg deg
0 0 0

0 Off 0

0 0 25

0 Off 35

0 0 35

0 Off 35

0 Off

Off Off Off

•,, : :,, :-,

,," : : : :,, ","

bSB, bSR,

deg deg

0

0

25

0

35

35

35

Off

- .002

.015

.010

Cn_

.005

0

0 10 20 30 4-0 50 60

or, deg

(a) M = 2.96.

Figure 32.- Effect of various configuration changes on lateral and directional stability characteristics.

8_ = % = -37°

z83



.002

o ..

" 5_', 5Vj, 6Su, 6SB, bSR,

deg deg deg deg deg
0 0 0 0

0 Off 0 0

0 0 25 25

0 Off 35 0

0 0 35 35

0 Off 35 35

0 Off 35

Off Off Off Off

- .002

.015

.010

Cn_

.005

0

0 10 20 30

a, deg

(b) 14= 5.96.

Figure 32.- Continued.

40 50 60

184



c_

Cy_

5V U , bVj, bS U, 5SB, 5SR,

deg deg deg deg deg
0 0 0 0

0 Off 0 0

0 0 25 25

0 Off 35 0

0 0 35 35

- - 0 Off 35 35

0 Off 35

Off Off Off Off

ot  ttt :
f t " ii_:..:_ i- I I I I r, II ..... '-'-' '-'-'id-4-t-t-t-b............

ttt-tfHtHttIft...................-.002 :: : ::<-_4-CH_-P ......
Hd-l-f t-I-t-H4...... +I-H+F

IIIIII

 tt tttTttt........ ,,I,,,: :-:.:: rT _-'_H-i i i LJ.i i i H-_JFI-H-I-H-H- ................

ttHt tttttt tt ,,,!!! .015

.O2

_%,.I I I_J I
I'LL I I%1

...... .010
......... I I [ rM,!

I I r f I /_P"] II I i i I I,t_l I ---

_--I:;t,.E+H-+4-I-i- II _,_,..,,......4-.............
t11t ........ i_f_l _I...I,,.L I I J_,,l"] i I I I i I I I

P1Fl ,, I 1.1_._ ......... Illl[l _1 <

I I I I FI-,,.I I IIIIII ", _il_ ....t tt _Ht rT_t1¢7_, _4-14-E-H'+ ---.----- _ - "- ---_- .005

ttiftt:i ........._-H+H-I H+ ..... I ........... 0

11111

/llllllllllllll IIIllllllll IIIIL]

0 - t+H _H-t-I-H_ .......... -H+H-HH-H-........ _ ........

I1[11) -,-, -, -, -
J LLLLLL] L] II l I FIll" -, -_ IIIIIIll[ll Illlll ,,,___,..._ ......... -:..................,,, .

111111 ::: ::: ir"rT'-l_.-i,-,.Li-LJ II I I

H-HI],,t ........... -.- .-'--:..LIIIIIIIIII '.'.:'.'.;;;-I'll.T, ...... -,-

IIIIIIIIIIII I _l,,-_i_l I F"t",_ I I ::: I[lllJ .........
LLLLLLL llllllll I I I I I_F'1 _L I_I_,L :: mill[] .........-_u.,],, ................. - .........

iilillllll !!l!llll(_ ::: I[lll] .........

H_LLLL Jllllllll IIIIIlllll[ -i_ I I I [_wG" . .i .....

_JJ_,,_J_] ,,_,,,,,,,_ ",'-,_ _l _ J_
_ Jllllll III IIIliIIll _W .......:t_ ....... I1,,, I ............... /
Jlllllltll illllll[

I[lll[ -I-......
4- _H-d- + +

4-0 50 60

- ,04-

_llllllllllll .........
H_144- Iliiil_lll....... I-H-tFH+H-+-I"l_

I

_-_I0 0 i0 20 30

a, deg

(c) M = 4.65.

Figure 32.- Concluded.

CnlB

185



0
0

0

! !

c-

0

0

0

0

0

0

0
0

!

c_
(D
"!:3

ep_

_J

A.,

,0

(D

r--_

4_

0

%
II .rt

+_

r_
0

g

0

4_

0

0

I

I1)

186



• O0 • •

• ••• • •

.002

CZ 0
I]

- .002
deg

.015

.010

Cnl3 .005

0

-.oo.Szo 0 10 20 30

a, deg

(b) M = 3.96.

Figure 55.- Continued.

4O 50 6O

187



.002

0 L
13

0

- .002

188



0
0

189



.002

- .002 deg

.015

.010

C n .005
13

0

-. 00.510 0 i0 20 30

ot, deg

(b) M = 3.96.

Figure 54.- Continued.

¢0 5O 6O

190



• • 00".: !:... :.. !.! .:- .... : :" :'- :':@@ •

. ".. :."

.002

- .002

.015

.010

C
n13 .005

0

0 i0 20 30

a, deg

(c) M = 4.69.

Figure 54.- Concluded.

50 60

NASA-Langley, 1963 L_2035 191


